The application of geodetic methods to examine structures consists in the determination of their displacements relative to an established geodetic reference datum or in the definition of the geometry of their individual components. Such examinations form a picture of changes happening between specific points in time. Modern measurement technologies used in geodetic engineering enable undertaking more and more challenging measurements with increasing accuracy. The purpose of this article is to present a measurement technique involving a Leica TDRA 6000 total station to measure displacements in engineering structures. The station features a direct drive technology to achieve an accuracy of 0.25 mm in 3-dimensional measurements. Supported by appropriate software, the unit makes a perfect instrument for the monitoring of civil engineering structures. The article presents the results of measurement of static and dynamic displacements in a few engineering structures. The measurements were carried out both in laboratory conditions and on actual, operated civil engineering structures.
INTRODUCTION
Steel is a building material with good mechanical properties, such as durability, elasticity and ductility. Using appropriate cross sections, it is possible to make light structures with long spans [10] . Engineering structures, and those made of steel in particular, undergo changes in geometry over their lifetime. Studies of their movements and vibrations are recommended for operational safety reasons [8, 9] . Displacements and deformations of structural components can be examined using precise laser devices. Today, laser technology is omnipresent in industrial metrology applications [6, 11] . It guarantees a high degree of precision, reaching +/-15 µm + 6 µm/m using a retroreflector, and the operating range of up to 120 m [2, 5] . Such parameters are achieved for medium-size civil engineering structures. One of the fundamental tests involves measurements of the degree of deflection of structural components under load. Some methods used in this type of tests include the following: -Precise levelling -measurements are performed at selected points of a structure to determine their displacement, -Microwave deflection measurements, whose advantage consists in the possibility to perform measurements without direct access to the target object, -Measurements using dial gauges, electronic rulers or proprietary solutions, for example, an instrument for the measurement of displacement of structural elements under static and dynamic loads, using an incremental encoder counting pulses corresponding to the movement of a measuring wheel [3, 4, 7] . The development of measurement technologies has had a positive influence on the achieved accuracy of geoengineering and surveying measurements. An example of an instrument of improved accuracy can be the coordinate laser station manufactured by Leica, TDRA 6000 ( Fig. 1) . The main features which distinguish TDRA 6000 include:
-Certified distance measurement with a standard error of ±0.1mm, -Certified vertical and horizontal measurement with a standard error of 1.3 c (0.42"),
-Tracking mode using automatic target recognition and reflector tracking, -Recording of measured data with a frequency of 5 Hz. In this article, this type of laser station was used to determine displacements and deformations in engineering structures.
LAB TESTS

Static and dynamic deflection measurements of a steel beam
In order to determine the possibility of application of a laser station to structural testing, a test model comprising a simple beam with a length of 1 m was prepared (see Fig. 2 ). The tests involved measurement of the displacement of the centre point of the beam under static and dynamic loads. In the static test, the measurements of deflection were taken while the beam was loaded and unloaded with 12 kg of weights on a pan. The measurements were carried out using two methods: -Precise levelling with an Ni 007 automatic precision level, -Trigonometric method, using precision measurement by means of the Leica TDRA 6000 laser station. The static deflection measurement was performed from two sites located 5 m and 20 m away from the test model. In the dynamic test, the measurement of deflection were taken while steadily filling a 12 l vessel suspended instead of the pan of weights. The filling process was synchronised with measurement carried out by means of the TDRA 6000 station in the tracking mode. The dynamic deflection measurement was taken from a distance of 5 m and 40 m from the test model. In both measurements, the sight line of the TDRA 6000 station was more or less horizontal. During the measurements, the centre point of the beam was observed to change its position. In the static tests, the results were the readings obtained from a precision levelling rod by means of the Ni 007 automatic level and the spatial coordinates determined using the TDRA 6000 laser station. On their basis, the values of vertical displacement between subsequent states of the loaded/unloaded beam were calculated. The results are shown in Table 1 and Diagrams 1 and 2 below. An analysis of the results demonstrated that with the sight line of 5 m the maximum difference in the deflection obtained using both methods was -0.06 mm, whereas with the sight line of 20 m it was -0.13 mm. The maximum differences fall within the accuracy range of the measurements, which indicates that the two methods used for the static test were comparable. In the case of dynamic loading applied in a continuously increasing manner (up to 12 kg), the principal parameters of deviation of the measured values from the expected values were determined. The linear regression function was used to analyse the results of the dynamic loading test. Diagrams 3 and 4 below show the beam deflection and trend lines for measurements taken at a distance of 5 m and 40 m. Deformation measurements of a steel structure
Laboratory tests of a steel structure were performed using a steel space frame of a vehicle, measuring 2.5 m x 2.5 m x 12.0 m, made from welded rectangular hollow sections (Fig. 3.) . Fig. 3 . View of the tested steel structure [1] The values of displacement under load were determined using the laser station.
The tests involved measurements of the geometry and structural state of the steel frame before loading and in a few different loading conditions, which simulated the conditions which can occur in actual operation of the structure. Measurements were taken from a single, permanent site, regularly checked for stability by verifying its reference points by means of a precise red ring reflector, RRR 1.5". In order to facilitate the measurement, appropriate size steel rings were attached to the steel frame to serve as consistent targets for the precise reflector during each series of measurements. Figure 4 shows the arrangement of the measurement points and the supports of the structure. The laser station was set up at a location allowing measurement of all selected points. In a few areas of the structure (No. 4 and 4), strain gauges were also attached to record tension and to verify that laser station measurements can supplement strain gauge measurements used in diagnostics of civil engineering structures. The test conditions were designed to reflect real-life operating conditions by fitting wheel sets which were lifted and dropped within a range of 15 cm during the measurements. The steel structure, weighing 2.5 t, was loaded by means of weights placed in an uniform manner on the floor frame to provide extra 1. After each change of state of the structure, the subsequent measurement was not performed until its stability was ascertained using the established system of coordinates. Laser measurements provided the coordinates of the measurement points for all six loading states, in a uniform system. This served as a basis for the determination of distances between adjacent points on the frame and identified their changes due to the variable loading conditions. The values of the identified changes in the distances for the initial state (A) and the final state (F) of the structure are collected in Table 2 . Some structural components were found to have undergone permanent deformation (values in bold, Table 2 ) when the initial state was restored. The location of the components with changed distances is shown in Figure 5 . At the same time, strain gauge measurements were carried out for selected components of the steel frame, enabling continuous monitoring of tension during the load tests. Tension diagrams were recorded for sections No. 21-27 and No. 27-51. Table 3 contains a summary of changes in the length of these sections, whereas Diagrams 6 and 7 show the changing courses of tension. Comparing the results of strain gauge measurements (Diagrams 6 and 7) with the results of the changes in the length of beams obtained by means of the laser station (Table 3) , a certain correlation can be observed between them. The pattern of the changes in the value of tension recorded by the strain gauges is consistent with the changes in the length found by laser measurement.
FIELD TESTS
The next step was to verify the results of the lab tests in real-life conditions, using actual engineering structures: a road-rail bridge across the Vistula River in Fordon (a district of Bydgoszcz) and a cable-stayed bridge. The latter is a footbridge crossing the Brda River, located near the Łuczniczka Sports and Entertainment Arena in Bydgoszcz.
Measurements of span deflection of the road-rail bridge across the Vistula River
The measurements carried out at the road-rail bridge concerned the deflection of the bottom flange of the bridge span under load from a passing train (Fig. 6 ). The prism was placed in the middle of the bridge span, whereas the measurement site was located on firm ground at a distance of approx. 20 m. As it was in the case of the lab tests, prism displacement was recorded in the tracking mode, using the automatic target recognition function and reflector tracking. The vertical displacements of the bridge span were recorded during two crossings of the bridge by a train. The length of the train was 41.7 m, its mass in service was 82 t, and the speed while crossing the bridge reached about 60 km/h. Since the length of the analysed span is 100 m, the recorded deflection was caused by the total weight of the train. The results of deflection measurements taken during the two crossings are shown in Diagrams 8 and 9. The results show that the maximum deflection in both cases is similar, reaching 4.30 mm and 4.23 mm. Comparing the diagrams of deflection over time, the differences between partial deflection values do not exceed 0.51 mm. These differences could have been due to the simultaneous traffic on the parallel road, apart from the error of measurement. Despite these disturbances, the results obtained in both measurements are comparable, and the deflection curves follow a similar pattern.
Measurements of deflection of the cable-stayed bridge across the Brda River
The cable-stayed bridge has been designed to enable crossing of the river by pedestrians and cyclists. Its total length is 78.00 m, width 4.25 m, and the maximum permissible load is 5 t. The footbridge is shown in Figure 7 . The bridge deflection measurements were carried out when the structure was loaded by a free crossing of a group of people (total weight 1130 kg). The deflection diagram is shown below. The diagram presents the results of deflection measured during two crossings of the group in both directions. They indicate that the maximum deflection of the footbridge reached 4.0 mm. The crossing caused vibration, which was reflected in the measurements taken by the laser station.
